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Diaphragm Metering Pumps

DESIGNING A TROUBLE FREE INSTALLATION

When a chemical metering system is designed for a reciprocating metering pump, there are several variabies to consider in
order to ensure proper system operation and sound pump hydraulics. Process fluid properties to consider are vapor
pressure, specific gravity, and viscosity. Some other variables that contribute to reciprocating metering pump applications are
system suction pressure at the pump inlet, system backpressure at the pump outlet, length and diameler of system piping, and
freedom from airfivapour and foreign matter. When all variables are considered and basic hydraulic principles are followed, the
installation and operation of a reciprocating metering pump will be successful. This technical brochure is designed to provide a
brief description and some general guidelines for applications of hydraulically balanced reciprocating metering pumps.

CHECKLIST OF DIFFICULT CONDITIONS

The fluid is acceleraied during the discharge cycle through
peak velocity at 90° of piston cam rotation. Similarly, the
suction cycle begins at rest (180° piston cam rotation) and

1. Piping with excessive fittings, valves, bends.

2. Suction lift or low suction head. the fluid is accelerated through peak velocity at 270°

. L . , . rotation. The inertial force required to initiate flow for both

3. Undersized piping on either suction or discharge. pumping cycles is of major significance Because of these

) unique flow conditions, common to all reciprocating type

4. Dissolved gases in product pumped; unusually high metfering pumps, special consideration is required of all
vapor pressure. factors that will affect pump performance.

5. Pumping near the required net positive suction head
(NPSHR)

6. Product specific gravity unusually high.
7. High product viscosity.
(+)

8 Long suction or discharge lines. Discharge

9. Pumping downhill - suction pressure higher than 360°
discharge pressure.

10. Pumping at unusually high or low temperatures.

Piston p N ;
11 Sofids content or slurry. (Pipe size important to minimize Velocity Deg:ees of Rotation
settling) of Piston Cam
12. Outdoor instaliation in cold climate. 180°
13. Changing elevations in suction or discharge iines. (Air Suction
lraps cause problems) )

METERING PUMP CHARACTERISTICS

Most centrifugal and rotary pumps have steady state flow
characteristics Under normal conditions there is very little

change in the velocity of the fluid pumped. That is not the
case with reciprocating metering pumps, which cause the FIGURE 1

. : P g P ap ! . . Piston veloaity profile for a reciprocating
fluid to expenence peak velocities and accelerations in both melering pump.

the suction and discharge lines. With these pumps, the fluid
is initially at rest (0° of piston cam rotation, refer to Figure 1)
and fluid velocity ang acceleration are both zero.



PIPING SYSTEM

Ali piping should incluge:
1. Shut-off valves on suction and discharge lines that open to
full pipe diameter. (Ball valves are preferred.) The use of

regulating valves is not recommended. (Regulating valves
include needle, diaphragm, globe, and gate valves.)

2. Unions or flanges on suction and discharge piping.

3. An inlet strainer if the product is not a slurry. Sizing must
amply accommodate expected contamination and flow rate

4. Hangers and straps to support piping.

5. Materials that are not affected by product corrosion or
galvanic corrosion.

8. Welding pipe nipples or pipe to valve housings is not
recommended.

SUCTION HEAD REQUIREMENTS

All reciprocaling metering pumps require a net positive
suction head (NPSHR) as shown in Table 1. The NPSHg is
defined as the pressure required above the absolute vapor
pressure of the process fluid at the pumping temperature. Note
that this differs from centrifugal pump theory where NPSH is
always defined in feet or metres of liquid. This pressure is
required at the suction port of the pump throughout the
entire pump stroking cycle in order to prevent cavitation of
the process fluid within the reagent head. The NPSHr is one of
the requirements necessary to assure metering accuracy.

NPSHR Pulsar Pulsa
English (psi) 3 5
Metric (bar) 0.21 0.35
TABLE 1.
NPSHR values

The net positive suction head available (NPSH,) must be
greater than the NPSHg. The NPSH, of any given system is
calculated as follows for comparison to the NPSHg as
shown in Table 1.

Equation 1. For fluid viscosity below 50 centipoise.

NPSHA=Px P -P — (LsRDQ/C1d %)
Equation 1. For fluid viscosity above 50 centipoise.

NPSH =P Py -P—J(LSRDQ/C1d 24 LspQ/Cod %) 2

The varnables used in Equations 1 through 5 must be in the units
shown in Table 2 for the constants listed below to be used
correctly.

Note: If piping sizes vary throughout the suction
line, different additive values may be used for the
pressure losses attributed to the liquid’s
acceleration and deceleration. Use the last term of
Equation 1 or 2 as many times as needed in the
equation to adjust for gifferent lengths of different
pipe diameters in the suction line. (Everything but the
pipe length and diameter will stay the same in the
equation.)

Variable Units Set
English Metric
NPSH psi bar
Pa psia bar{(a)
Py psi bar
Py psia bar(a)
Ls feet meters
R strokes/min | strokes/min
G no units NO units
Q gallons/br liters/nr
d inches millimeters
u centipoise centipoise
Lo feet meters
Pr psi bar
P, pSi bar
V, feet/sec meters/sec
Ci 24,600 640
Cz 45,700 1.84
Cs 48.8 0.91
TABLE 2.
Unit sels and constant values for use in
Eqguations 1 through 5.

NOTE1: All hydraulically actuated reciprocating
metering pumps also require that a minimum
absolute pressure, minimum suction head (MSH),
be maintained at the pump inlet throughout the
pumping cycle to ensure a stable hydraulic system and
proper pump operalion. The sum of the NPSH, and the
vapor pressure (P,) must be greater than the values
shown in Table 3.

NOTE 2: Values quoted are for Pulsafeeder pumps
only and different manufacturers should be
contacted for their specific requirements.



MSH Pulsar Pulsar"” Puisa
English, (psia) |5 7.5 9.5
Metnc, (bar(a)) {0.35 0.53 066
" Pulsar Pump with PULSAlarm leak detection
giaphragm.
TABLE 3

Minimum values for the sum of NPSH, and vapor
pressure (MSH)

SYSTEM BACKPRESSURE

The system backpressure must exceed the suction
pressure by at [east 5 psi (0.35 bar) in order to prevent
flow through, however it must not exceed the
rated discharge pressure of the pump. Flow through
can be defined as the process liquid flowing from a higher
pressure to a lower pressure (downhill pumping), which
attributes to pump failure and undesired flow at pump
shutdown. If the system backpressure is not at least 5 psi
(0.35 bar) greater than the suction pressure, a
backpressure valve must be installed in the discharge
piping. To calculate the system's total backpressure use
Equation 3 or 4.

Equation 3. For fluid viscosity below 50 centipoise.
Pr= (LsRDQ/C:D %) + Pr % Pu

Equation 4. For fluid viscosity above 50 centipoise.

P; = ~/(L5Roo/c1d Y 24 (Lo pQYCod ) + Pp 1 Pu

FLUID VELOCITY

Fluid velocity is often used to determine the correct
pipe size for an application. Since the fluid velocily
generated by 2 metering pump varies throughout each
stroke of the pump, piping must be sized based on the
peak fluid velocity and not the average fiuid velocity. The
peak fluid velocity generated by a positive displacement
metering pump can be calculated using the following
formula,

Equation 5. Peak fluid velocity for a reciprocating metering
pump. C; values can be found in Table 2.

Ve = Q/(Csd?)

PULSATION DAMPENERS

A pulsation dampener is a pnuematically charged
diaphragm within a ¢chamber that continuously stores
energy carried in the acceleration of the pumped fluid.
When a pulsation dampener is used on the suction side of a
metering pump, it will improve suction pressure
conditions by reducing the pressure losses
associated with the acceleration of the fluid. On the
discharge side it will protect sensitive equipment from
pulsating flow spikes, and will translate pulsating flow to
nearly linear flow by reducing the peak flow and pressure
generated by the metering pump. Regardiess of which
side of the pump the pulsation dampener is to be used on,
it should always be installed as close to the pump as
possible in order to reduce the length of pipe in which
pulsating flow occurs.

In many installations, the diameter of costly piping can be
reduced by incorporating a dampener on both suction and
discharge lines. Installing a dampener can also reduce cost
by allowing the use of a smaller faster stroking pump as a
opposed to a larger, more costly, slower stroking pump.

When a pulsation dampener is used, the length of piping
(Ls or Lp) in Equations 1 through 4 becomes the distance
between the pump and the pulsation dampener. For the
remainder of the piping, uniform flow friction losses can be
used since the flow is now constant and not
pulsating for this distance of piping (These losses can be
found in any standard friction loss table based on Darcy's
formula.) The standard friction losses must aiso be
subtracted from the NPSHa or backpressure calculations
(Equations 1 through 4).
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FIGURE 2.

Pulsation dampeners ace for
use on either suction or discharge.



NCOMENCLATURE

NPSHg =Net positive suction head required, (psi, bar]

NPSH4 =Net positive suclion head available, [pst, bar]

Pa = Pressure at the surface of the liquid being pumpad
(atmospheric or supply tank blanket pressure) [psi(a).
bar(a)]

Pn = Head pressure above (+) or below (-) the pump
centerline, (psi, bar,] (convert from ft or m)

Pv = Absolute vapor pressure at pumping temperature of
the process liquid at pump inlet, [psi(a), bar(a)]

Ls = Length of suction piping (actual, not eguivalent), {ft, m]
R = Pump stroking rate, strokes/min (spm]

G = Specific gravity of process liquid, [no units]

Q = Pump average flow rate, [gph, Iph]

d = Internal pipe diameter, [inches, mm]

C. .Gy .Ca = Numeric constants used in Equations 1- 5 [no
units]

p = Viscosity of process liquid at pumping temperature,
centipoise [cp]

Lo = Length of discharge piping (actual, not equivalent). [ft,
m]

Pp = System discharge pressure, [psi(g). bar(g))

Pt = Peak pump discharge pressure at the discharge poit,
[psi(g), bar(g)]

V, = Peak liquid velocity generated by the pump, (suction or
discharge) (ft/s, m/s]

EXAMPLE CALCULATION

Sulphuric acid (83%) has a specific gravity of 1.83, a
viscosity of 25 cps, and a vapor pressure 0.01 psia (O bar
(a)). This product is to be metered at a flow rate of 240 GPH
(908.4 LPH) to a system pressure of 100 psig (6.9 bar). The
installation is at sea level and the supply tank is open to
atmosphere. The proposed suction piping layout is 20 feet
(6.1 meters) of 161 inch (40.9mm) inside diameter pipe.
The proposed PULSAR Series pump has a stroking rate of
58 spm.

Is 4 feet (1.22m) of suction head sufficient for proper pump
operation at the above listed conditions?

Solution
The NPSHg as shown in Table 1 is 3 psi (0.21 bar) for a
PULSAR Series pump. Calculate the NPSHg of the system

as mentioned using Equation 1, since the viscosity is less
than 50 centipoise.

FIGURE 3.
iiiustration of piping schematic for the example calculation.

First calculate Py:
PH [psi] = feet of fluid X (1 psi/(2.31feet of H.0)) X G
Py =4 feet X 0.433 X 1.83 = 3.17 psi

or

Pu [m) = 1.22m X (1 bar/(10.21 m of H,0)) x 1.83=10.22 bar

Use C, from Table 2, and 147 psia (1.01bar) for
atmospheric pressure at sea level.

NPSHA=P, +P4-P — (LsRDQ/C1d %)
NPSHa = 14 7+ 3.17 - 0.01 - (20 x 58 x 1 83 x 240)/ (24600 x 1 61°)

NPSH» = 9.9 psi (0.68 bar)

Since NPSHgR is greater than NPSHg, the system has
adequate suction conditions to prevent process fluid
cavitation within the reagent head.

Since NPSH4 + Vp = 9.91 psia (0.68 bar) which is greater
than the 5 psia (0.35 bar) requirement shown in Table 3 for
a PULSAR Series pump, the pump's hydraulic system will
operate in a stable condition.



